Several studies reported there was a polymorphism (rs531564 C > G) in miR-124 gene. To investigate the MiR-124 rs531564 polymorphism and cancer risk. We conducted a literature search of the Medline, Embase and Wangfang Medicine databases to identify all relevant studies for this meta-analysis. We determined that the miR-124 rs531564 polymorphism was significantly associated with decreased risks of cancers in the allelic model (G vs C, OR=0.71, 95% CI=0.53-0.94, P=0.02), homozygote model (GG vs CC, OR=0.42, 95% CI=0.26-0.66, P=0.0002), dominant model (GG/GC vs CC, OR=0.71, 95% CI=0.51-0.98, P=0.04) and recessive model (GG vs GC/CC, OR=0.43, 95% CI=0.27-0.69, P=0.0004). In an analysis stratified by cervical cancer group, significant associations were observed in the allelic model (G vs C, OR=0.46, 95% CI=0.32-0.66, P<0.0001 ), and dominant model (GG /GC vs CC, OR=0.45, 95% CI=0.3-0.66, P<0.0001) . Subgroup analysis also revealed a decreased risk for esophageal squamous cell carcinoma in the homozygote model (GG vs CC, OR=0.45, 95% CI=0.27-0.75, P=0.002) and recessive model (GG vs GC/CC, OR=0.46, 95% CI=0.28-0.75, P=0.002). This meta-analysis suggests that the miR-124 rs531564 C > G polymorphism is an important risk factor for cancers among the Chinese population.
Introduction
MicroRNAs (miRNAs) are an abundant class of small, single-stranded, nonprotein-coding RNAs measuring approximately 18-25 nucleotides in length that are highly evolutionarily conserved and negatively regulate gene expression by complementary base pairing with thousands of target mRNAs in the 3'-untranslated regions (3'UTR), which leads to mRNA cleavage or translational repression (Ambros, 2004; He and Hannon, 2004; Bartel, 2009; Ebert and Sharp, 2012; Fabian and Sonenberg, 2012) . A single miRNA can bind to as many as 200 gene targets, and one-third of human genes, including cancer-associated genes, are regulated by miRNAs (He and Hannon, 2004) . Many studies have indicated that there are strong links between miRNAs and human cancers. Researchers have demonstrated that some miRNAs located in chromosomal regions that are amplified in cancers can function as oncogenes, while miRNAs located in regions that are deleted in cancers might act as tumor suppressors (Kong et al., 2012) . It has been shown that miRNAs are related to various critical biological processes, such as cell proliferation, apoptosis, differentiation, migration, metabolism, angiogenesis, signal transduction and tumor development and progression (Suarez and Sessa, 2009; Hatley et al., 2010; Krol et al., 2010; Kutanzi et al., 2011; Jansson and Lund, 2012; Kong et al., 2012; Pritchard et 
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Wen-Jing Li 1,2 , Yong Wang 1 , Yu Gong 1 , Chao Tu 1 , Tong-Bao Feng 1 , Chun-Jian Qi 1 * al., 2012; Ji et al., 2014) . Most miRNAs are located at cancer-associated genomic regions or fragile sites, and aberrant miRNA gene expression plays a critical role in carcinogenesis (Calin and Croce, 2006; Esquela-Kerscher and Slack, 2006) . Although the exact mechanism of miRNA deregulation in cancers remains unknown, some key dysregulated miRNAs have already been used as molecular biomarkers (Ruan et al., 2009 ). Li et al. reported miR-124 might be a tumor suppressor in breast cancer that functions via the regulation of FLOT1 (Li et al., 2013) . Moreover, Furuta et al. found that miR-124 and miR-203 are novel tumor-suppressive miRNAs for hepatocellular carcinoma that re epigenetically silenced and activate multiple targets during hepatocarcinogenesis (Furuta et al., 2010) .
Single-nucleotide polymorphisms (SNPs) in microRNA genes might alter microRNA expression and maturation and might also further alter the effects of microRNAs on their target genes (Link et al., 2012; Pasquinelli, 2012) . Common single-nucleotide polymorphisms (SNPs) in pre-miRNAs and cancer risk has been investigated in casecontrol studies in the last decade, and some common SNPs in pre-miRNAs have been demonstrated to be associated with increased cancer risk, including the hsa-miR-196a2 rs11614913 (Gao et al., 2011; Wang et al., 2012) and hsa-miR-146a rs2910164 (Lian et al., 2012; Wang et al., 2012) polymorphisms. Because some miRNAs appear to have their own promoters, SNPs in the promoter region might play critical roles in the development of human cancers.
A single-nucleotide polymorphism (SNP, rs531564) has been identified in the miR-124 gene. In recent years, some case-control studies have been conducted to determine the associations between rs531564 and multiple types of cancers, such as esophageal cancer (Yin et al., 2013; Zhang et al., 2014a) and cervical cancer (Wu and Zhang, 2014; Xiong et al., 2014) , but the results are conflicting rather than conclusive. Therefore, we conducted a meta-analysis of all relevant published studies to obtain a more accurate evaluation of the association between the miR124 rs531564 polymorphism and cancer risk.
Materials and Methods
Publication search
We performed searches of the Medline, Embase and Wangfang Medicine databases for all possible case-control studies, and we used the following keywords and subject terms: "miR-124 or miRNA-124 or microRNA-124 or rs531564"; "polymorphism or polymorphisms or variant or variants or SNP"; and "cancer or carcinoma". The literature search was last updated on the 27th of February 2015. There was no language limitation in the literature search. All eligible studies were retrieved, and their bibliographies were checked for other relevant publications. Review articles and the bibliographies of other relevant studies identified were searched by hand to identify additional eligible studies. The eligible studies had to meet all of the following criteria: (a) full-text study, (b) evaluation of the association between miRNA polymorphisms and cancer risk, (c) unrelated case-control design, and (d) sufficient data for estimating the odds ratio (OR) with 95% confidence intervals (CIs) and a P-value. Studies containing two or more case-control groups were considered as two or more independent studies.
Data extraction
Two investigators independently reviewed and extracted the information from all publications that met the inclusion criteria. In cases of conflict, an agreement was reached by discussion between the two reviewers. The following information was sought from each publication: the first author's surname, year of publication, country of origin, ethnicity, cancer type, genotyping method, source of control groups, numbers of cases and controls for each genotype.
Statistical analyses
The departure of the frequency of the miR-124 polymorphism from the expectations of Hardy-Weinberg equilibrium (HWE) was assessed via a chi-square test in the controls, and P<0.05 was considered to indicate significant disequilibrium. The crude OR corresponding to the 95% CI was used to assess the strength of the associations between the miRNA polymorphisms and cancer risks according to the methods published (Woolf, 1955) . The statistical significance of the pooled OR was determined with a Z-test, and a P-value of <0.05 was considered statistically significant. For miR-124 G/C, we investigated the association between the genetic variants and cancer risks with an allelic comparison (G vs C), a heterozygote model (GC vs CC), a homozygote model (GG vs CC), a dominant model (GG/GC vs CC), and recessive model (GG vs GC/CC). Subgroup analyses were also conducted by cancer type. When heterogeneity was absent (p>0.10), the pooled OR was estimated by the fixed-effects model (the Mantel-Haenszel method) (Mantel and Haenszel, 1959) ; otherwise, the randomeffects model (the DerSimonian and Laird method) was employed (DerSimonian and Laird, 1986) . Publication bias was detected with a Begg's funnel plot and Egger's linear regression method, and p<0.05 was considered statistically significant (Egger et al., 1997) .
All statistical analyses were performed with Review Manager Software 5.2 (Cochrane Collaboration, Oxford, UK).
Results
Study characteristics
A total of 75 articles were achieved in the Medline, Embase and Wangfang Medicine databases. As shown in Figure 1 , 26 studies were retrieved for detailed evaluation. After screening the abstract, 49 studies were excluded, and 26 were selected and evaluated in detail. Seventeen of those 26 studies were excluded based on the inclusion criteria. Ultimately, 4 articles with 2, 003 cases and 2, 429 controls were included in the meta-analysis (Yin et al., 2013; Wu and Zhang, 2014; Xiong et al., 2014; Zhang et al., 2014a) . The main characteristics of the studies are presented in Table 1 . All of the studies performed in Chinese populations. Among the studies, there were two that were related to esophageal squamous cell carcinoma (Yin et al., 2013; Zhang et al., 2014a) and another two that were related to cervical cancer (Wu and Zhang, 2014; Xiong et al., 2014) . The distributions of genotypes in the controls in all studies were in agreement with HWE.
Main results
The association between the miR-124 rs531564 polymorphism and cancer risk was analyzed in 4 studies with 2, 003 cases and 2, 429 controls. The main results of this meta-analysis are shown in Table 2 . Q-tests were performed for all of the genetic models, and when 
Publication bias
We used funnel plots and to access the publication bias of the literature. The results indicated that no significant publication biases were detected in the Begg's funnel plot of any of the comparison models. Symmetrical funnel plots were obtained for the SNP that was tested in homozygote model and the recessive model ( Figure 2 ).
Discussion
miRNAs are a class of small, single-stranded non-coding RNAs that are involved in important biological processes related to apoptosis, proliferation, differentiation, angiogenesis, and the immune response (Ruan et al., 2009) . SNPs are the most common genetic sequence variations in the human genome and can influence cancer susceptibility in the population. The dysfunction of miRNAs might have profound effects on the expression of numerous genes that might possibly contribute to cancer susceptibility (Ahn et al., 2013; Dikeakos et al., 2014; Tong et al., 2014) . Single-nucleotide polymorphisms (SNPs) in microRNAs gene might alter microRNA expression and maturation and might also further change the effects of microRNAs on their target genes. SNPs in miRNAs are regarded as key factors in (Zhang et al., 2014b) . In gastric cancer, a low expression level of miR-124 is also correlated with proliferation, migration, and invasion of tumor cells, and miR-124 can act as a tumor suppressor by targeting ROCK1 (Hu et al., 2014) . Recent studies have shown that miR-124 exerts its tumor suppressing activity via the regulation of target genes such as amotL1 (Wan et al., 2014) , Foxq1 (Peng et al., 2014) , Ets-1 and SMC4 (Jinushi et al., 2014) . These findings mean that the up-regulation of miR-124 might contribute to decreased cancer risk via the down-regulation of these targets. Some researchers have examined the association of the miR-124 rs531564 polymorphism with the risks of several cancers observed significant relationships (Yin et al., 2013; Wu and Zhang, 2014; Xiong et al., 2014; Zhang et al., 2014a) . The aim of our study was to demonstrate the relationship of the miR-124 rs531564 polymorphism with cancer risks using meta-analysis. We found that miR-124 rs531564 was associated with significantly decreased cancer risks in the in the allelic model (G vs C), homozygote model (GG vs CC), dominant model (GG/ GC vs CC) and recessive model (GG vs GC/CC). When stratified by cancer type, we observed a similar result for esophageal squamous cell carcinoma and cervical cancer. These findings suggest, for the first time, that the GG homozygote rs531564 polymorphism might have a potentially protective role against cancer in the Chinese population. Of course, we must noted that our study population was small; therefore, it is still necessary to examine larger sample studies to consider gene-gene and gene-environment interactions and using standardized unbiased genotyping methods, homogeneous gastric cancer patients, and sufficiently matched controls.
However, considering the limited studies and small population sizes included in our meta-analysis, our results should be interpreted with caution.
Limitations: First, more precise analyses stratified by other covariates, such as age, sex, environmental factors and TNM stage, could not be performed due to lack of the individual data. Second, even after pooling all existing studies, the sample size in our study was relatively small; this might have led to statistical bias in the evaluation of the association between the miR-124 rs531564 polymorphism and cancer risk, especially in the subgroup analyses. Third, all studies included in this meta-analysis were from Asia. Therefore, the limitation of the ethnic population enrolled indicates that interpretation of the associations between the SNP and the susceptibility to cancer should be made cautiously. Last, gene-gene and gene-environment interactions were not considered, which might alter the associations between miRNA gene polymorphisms and cancer. Studies with no statistically significant results often have less chance for publication.
In conclusion, our meta-analysis suggests that the miR-124 rs531564 G allele is associated with decreased cancer risk in the Chinese population; however, this findings needs to be evaluated further in larger samples.
